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Available online 4 January 2016Damask Rose (Rosa damascena; Family Rosaceace) is one of the most expensive essential oil bearing crops of
many countries including India. A previously undescribed “rose witches'-broom” infestation was detected and
exhibited symptoms of little leaf, apical proliferation and chlorosis during winter season in the experimental
farms of CSIR-CIMAP, Lucknow (India). Samples from the healthy and infected plants were collected and indexed
by PCR using the generic primer pairs P1/P6 and R16F2n/R16R2. The nested PCR product was cloned, sequenced
and phytoplasma detected. The 16S rRNA gene sequence revealed that present phytoplasma showed maximum
similarity of 97–98%with Candidatus Phytoplasma balanitae (HG937644), Balanites triﬂora' witches'-broom phy-
toplasma (BltWB) (AB689678) and Periwinkle yellows phytoplasma (EU375835), as well as other members of
16SrV group. Phylogenetic analysis of the 16S rRNA gene sequences of phytoplasma fromDamask rose clustered
with 16SrV phytoplasma group. However, computer-simulated RFLP analysis revealed unique proﬁle of the phy-
toplasma sequence from rose with BamHI, HpaI andMseI and distinguished it from Periwinkle phytoplasma, Ca.
P. Balanitae, Balanites triﬂora' witches'-broom phytoplasma and all previously described ‘Candidatus Phytoplas-
ma’ of 16SrV groups. Further, the pattern similarity coefﬁcient valuewas 0.55, lower than 0.85with the represen-
tative phytoplasmas classiﬁed previously in 16SrV groups. Taking into consideration the unique plant host, RFLP
proﬁle and the restricted geographical occurrence in addition to the 16S rRNA gene sequence, the present phy-
toplasma is proposed to be rose witches'-broom phytoplasma representing a novel taxon 16SrV-B1. This is the
ﬁrst record of phytoplasma infection on Damask Rose from India.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Virtual RFLP1. Introduction
Phytoplasmas are pleomorphic, wall-less prokaryote and obligate
plant pathogens that fall under the class Mollicutes (Seemüller et al.,
1998; Bertaccini, 2007). These are small enough to pass through bacte-
riological ﬁlters and are the simplest self-replicating organisms. They
normally inhabit the sieve tubes of phloem cells andmore rarely, thepa-
renchymal cells at low concentrations. The organism normally depicts
an uneven distribution inmonocots (Firrao et al., 2007) and transmitted
by sap feeder insects belonging to the family Cicadellidae, Fulgoridae or
Psyllidae (Weintraub and Beanland, 2006). The discovery of this newrestriction fragment length
e; TEM, transmission electron
, polymerase chain reaction.
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. This is an open access article undergroup of plant pathogens related to bacteria asmycoplasma-like organ-
ism or phytoplasma has prompted a new direction of studies to under-
stand its morphology and etiology (Namba, 2011). These are now
assigned to genus ‘Candidatus Phytoplasma’. Phytoplasmas are associat-
ed with the occurrence of hundreds of diseases in various economically
important plant species including food, vegetable, and fruit crops; orna-
mental plants; trees (Bertaccini and Duduk, 2009) and medicinal and
aromatic plants (Samad et al., 2006).
The attempts to isolate and cultivate phytoplasma in cell-free media
have been futile. The measurable phenotypic characters remain largely
inaccessible for phytoplasma taxonomy and classiﬁcation (Lee et al.,
1998a, 1998b; Hodgetts et al., 2007). Therefore, the geneswith different
degrees of nucleotide sequence conservation have been used to assess
the genetic relatedness and phylogenetic relationships of diverse
phytoplasmas. 16S rRNA gene sequences serve as the primary character
for phytoplasma molecular taxonomy under the provisional status
Candidatus for incompletely described prokaryotes (IRPCM, 2004).
Plants infected with phytoplasma exhibit symptoms including
yellowing,witches'-broom, leaf curl, abnormal elongation of internodes,the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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phyllody, formation of bunchy ﬁbrous secondary roots, reddening of
leaves and stems, generalized yellowing, plant stunting and phloem ne-
crosis (Ikten et al., 2014). Phytoplasma diseases cause signiﬁcant yield
losses in a large number of economically important crops worldwide
(Bertaccini, 2007; McCoy et al., 1989; Kirkpatrick, 1992; Lee et al.,
2000; Hogenhout et al., 2008).
The detection of a variety of phytoplasmas has now become easier
by using polymerase chain reaction (PCR) for amplifying conserved re-
gions such as 16S rRNA, ribosomal protein, tuf and 16S-23S spacer
(Bertaccini and Duduk, 2009).On the basis of restriction fragment
length polymorphism (RFLP) analysis of 16S rRNA, a genetically diverse
group of phytoplasmas has been classiﬁed into groups and subgroups;
each distinct group representing at least one putative phytoplasma spe-
cies. Phylogenetic studies have suggested that phytoplasmas have
descended from gram-positive bacteria ancestors and constitute a
monophyletic clade in the class Mollicutes. Emerging information on
phytoplasma diversity, their phylogenetic relationships, lineages, and
taxonomy involving descriptions of “Candidatus Phytoplasma species”
has emerged from the applications of molecular tools (Montano et al.,
2001; White et al., 1998). The introduction of computer simulated
RFLP analysis has also led to the identiﬁcation and classiﬁcation of di-
verse phytoplasmas (Wei et al., 2007, 2008). Till date, thirty-two 16S
rRNA (16Sr) groups andmore than 100 subgroups have been identiﬁed
and cataloged (Martini and Lee, 2013).
Rosa damascena (Family, Rosaceae), commonly known as “Damask
rose” is one of the important ornamental and aromatic plants used in
a wide variety of food, nutritional, ﬂavoring and medicinal products
(Gudin, 2000). Damask rose which is native to Bulgaria, having strong
aroma and fragrance (Widrlechner, 1981), is mainly cultivated as one
of the most expensive essential oil bearing crop in countries like Iran,
Egypt, France, China, Turkey, Bulgaria, Morocco and India (Demirözer
et al., 2009). Approx 90% rose ﬂowers are used for rose oil, 5–6% for
rose concrete and 3–4% for rose water. (Charan and Gupta, 2013;
Jabbarzadeh and Khosh-Khui, 2005). Beside its perfuming importance,
several pharmacological properties including anti-HIV (Mahmood
et al., 1996), antibacterial (Basim and Basim, 2003) antioxidant, antitus-
sive, hypnotic, antidiabetic, and relaxant effect on tracheal chains have
also been ascribed to rose plant (Boskabady et al., 2011).
So far, no phytoplasma infection has been reported on R. damascena,
whereas several other species of genus Rosa were reported to inhabit
phytoplasma (Kaminâska et al., 2001; Kaminâska et al., 2003;
Kaminâska and Sliwa, 2004; Chaturvedi et al., 2009b; Gao et al., 2008).
The present study constitutes the ﬁrst record of phytoplasma infection
in R. damascena cultivated at CSIR-CIMAP research farm during winters
(2013). The infected plants depicted typical symptoms of disease like
excessive shoot proliferation, reduction in leaf size and general stunting.
Our study deals with the molecular characterization of the genome,
phylogenetic analysis of the new phytoplasma associated with a
witches'-broomdisease of rose (R. damascena) using computer simulat-
ed RFLP i.e. iPhyClassiﬁerweb tool (Zhao et al., 2009) and hencewe pro-
pose that the rose witches'-broom (RWB) phytoplasma be considered
as a novel ‘Ca. Phytoplasma’ taxon.
2. Materials and methods
2.1. Source of phytoplasmal DNA & electron microscopy
Twenty-one naturally occurring, diseased Damask rose plants were
collected from 4 different locations with various stages of infection
from the farms of CIMAP, Lucknow (India) during the month of Janu-
ary–February, 2013. These malformed plants exhibited typical symp-
toms including irregular edges, yellowing leading to narrow rolled and
fragile leaves, stunted growth and dense clusters of highly proliferating
apical shoot region. Symptomless rose plants from each of the 4 loca-
tionswere also sampled as negative controls. Fresh infected and healthyleaf samples (2–3mm)were excised andﬁxed in 3% gluteraldehyde and
processed, and ultra thin sectionedwere negatively stainedwith 2%ura-
nyl acetate for examination under Jeol transmission electron micro-
scope (TEM) at 80 kv as per the procedure of Tang and Faan (1987).
Total DNA was extracted from each symptomatic and asymptomatic
plant using the cetyltrimethylammonium bromide (CTAB) method as
previously described (Khanuja et al., 1999). DNA preparations were
stored at−20 °C until further use.2.2. Polymerase chain reaction, sequence determination and phylogenetic
analysis
PCR assay was performed for the detection of phytoplasma using
universal primer pair P1/P6 (Deng and Hiruki, 1991). Nested-PCR
assay ampliﬁes the product of universal primer pair with a second set
of primer pair R16F2n/R2 (Gundersen and Lee, 1996). Negative controls
consisted of reaction mixtures devoid of templates. These reactions
were carried out in a ﬁnal volume of 25 μl, according to a methodology
described previously (Lee et al., 1993). PCR products were analyzed by
electrophoresis through 1% agarose gel.
The ampliﬁed nested PCR product was ligated into pGEMT Easy Vec-
tor System I (Promega) according to manufacturer's instructions and
cloned in Escherichia coli DH5α. The cloned DNA fragments were se-
quenced with an automated sequencer (ABI Prism Perkin Elmer) as de-
scribed by Sanz et al. (1999) at CIMAP, Lucknow. The nucleotide
sequences obtained were aligned and subjected to BLASTn analysis
(http://blast.ncbi.nlm.nih.gov/blast.cgi), while the phylogenetic analy-
sis was performed by Clustal-X v2.1 (http://www.clustal.org/clustal2/)
and MEGA v5 (http://www.megasoftware.net/) software. Sequences
of the 16S rRNA gene belonging to phytoplasma of different subgroups
from different hosts were used for phylogeny using neighbor-joining
method. Bootstrapping was performed 1000 times and Acholeplasma
laidlawii was included as an outgroup taxon to root the tree.
These nucleotide sequences were shortened to approximately
1.24 kbp region i.e., F2nR2 (the nucleotide sequence bounded by the
small conserved motifs that corresponds to the annealing sites of uni-
versal 16S rRNA primer pair R16F2n/R16R2 for phytoplasma) for virtual
RFLP analysis (http://plantpathology.ba.ars.usda.gov/virtualgel.html).2.3. Computational virtual RFLP analysis
Computer-simulated RFLP analysis of 16S rRNA gene F2nR2 regions
was performed using sequences of phytoplasma from damask rose and
compared with Candidatus Phytoplasma balanitae (HG937644),
Balanites triﬂora' witches'-broom phytoplasma (BltWB) (AB689678)
and Periwinkle yellows phytoplasma (EU375835), available in the
GenBank nucleotide database. In silico restriction analysis and virtual
RFLP plotting were performed using pDRAW32 software (http://www.
acaclone.com) and iPhyClassiﬁer (http://www.ba.ars.usda.gov/data/
mppl/) software (Zhao et al., 2009). Each sequence was digested in
silico with 17 restriction enzymes plotted in a virtual 3.0% agarose gel.
The virtual RFLP patterns were compared and a similarity coefﬁcient
(F) was calculated for each pair of phytoplasma strains according to
the formula F52Nxy / (Nx + Ny), as previously described (Lee et al.,
1998a, 1998b; Nei & Li, 1979). Putative phytoplasmas were routinely
differentiated on the basis of 16S rRNA gene by means of RFLP analysis
of PCR-ampliﬁed DNA sequences using a number of endonuclease re-
striction enzymes (Lee et al., 1998a, 1998b) as the RFLP pattern of
each phytoplasma is conserved. The virtual RFLP patterns with the key
enzymes that distinguish from previously recognized group/subgroup
patterns were made in iPhyClassiﬁer (http://www.ba.ars.usda.gov/
data/mppl/). These virtual RFLP patterns were compared and similarity
coefﬁcient calculated by iPhyClassiﬁer (http://www.ba.ars.usda.gov/
data/mppl/) software (Wei et al., 2007).
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3.1. Symptomatology and detection of pathogen
Infected rose plants exhibited typical phytoplasma disease symp-
toms such as dwarfed and malformed narrow rolled and fragile
leaves with irregular edges, leaf tip necrosis, excessive shoot prolif-
eration, shortened petioles, fully/partly sterile ﬂowers, and light yel-
lowish coloration of leaves resembling those caused by phytoplasma
infection (Fig. 1). Disease incidence was recorded about 18–22% on
the basis of plant population in the ﬁelds. Typical phytoplasma-like
(pleomorphic) bodies ranging in size from 450–900 nm were ob-
served in the phloem cells of infected plants through transmission
electron microscopy. The shape of these bodies varies as spherical,
oval and tubular (Fig. 2). No other microorganism such as walled
bacteria, fungus, virus or virus-induced structures, was noted. The
healthy and/non-infected plants did not show these diagnostics
features.Fig. 2. Transmission electronmicrograph showing pleomorphic bodieswithin a sieve tube
of diseased rose plant.3.2. PCR, cloning and sequence determination
Total genomicDNAextracted from the leaves of symptomatic aswell
as asymptomatic plants, using CTABmethod generated amplicons of 1.5
and 1.2 kb from the symptomatic plants but not from the healthy and
water control reaction (Fig. 3). The nested PCR product of 1.25 kb was
cloned into a pGEM-T cloning vector and sequence deposited in NCBI
GenBank with Acc. no. KJ684064. The blast result showed high similar-
ity of 98%with Ca. P. balanitae (HG937644) from India, Balanites triﬂora
witches' broom BltWB (AB689678) from Myanmar and 97% with peri-
winkle yellow phytoplasma (EU375835) from China of 16SrV group
phytoplasmas.Fig. 1. Natural characteristic phytoplasma symptoms on Damask rose plants in the ﬁeld.3.3. Phylogenetic analysis
Phytoplasma sequence of 16S rRNA gene identiﬁed from R.
damascenawas compared with 18 sequences from different 16S rRNA
phytoplasmal isolates of group ‘Ca. Phytoplasma’ including A. laidlawii
as an out-group. Phylogenetic tree was constructed with Mega 5 soft-
ware using the neighboring-joining method with 1000 time
bootstrapping. The phylogenetic analysis of rose phytoplasma 16S
rRNA sequences revealed that the R. damascena phytoplasmaFig. 3. Gel image showing the ampliﬁcation (nested) of targeted fragment of DNA by PCR.
M — λ DNA HindIII/EcoRI double digested marker, Well nos. 1, 2 — no ampliﬁcation in
healthy/negative control samples and Well nos. 3, 4, 5 — ampliﬁcation of 1.2 kb
fragment in infected samples.
Fig. 4. Phylogenetic tree constructedwith 16S rRNA gene sequences from previously described ‘Candidatus Phytoplasma’ taxa. ‘Ca. P. balanitae’ Acholeplasma laidlawii (GenBank accession
no. M23932) was used as out group.
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triﬂora' witches'-broom phytoplasma (BltWB) (AB689678) and Peri-
winkle yellows phytoplasma (EU375835), shared a common ancestor
of the same group of phytoplasmas-16SrV (Fig. 4). Though the results
of sequence and phylogenetic analysis showed themaximum similarity
with Ca. P. balanitae (HG937644) of 16SrV group, however, the results
of in silico restriction digestion and gel plotting indicated delineation
with this group and suggested to be a new subgroup lineage.
3.4. Virtual RFLP analysis
Although, maximum nucleotide matching (97–98%) revealed the
close relationship of the present Damask rose phytoplasma with the
Balanites triﬂora' witches'-broom phytoplasma (BltWB) (AB689678)
and Periwinkle yellows phytoplasma (EU375835) and of 16SrV group
of phytoplasmas.However, the virtual RFLPpatterns of the 16S rDNA se-
quence of phytoplasma of R. damascena were clearly distinct from the
closely related members of 16SrV group. The genetic restriction map
of the phytoplasma sequence of R. damascena (KJ684064) showed sig-
niﬁcant differences with the close related Ca. P. balanitae (HG937644),
and Periwinkle yellows phytoplasma (EU375835) along with other 6
representatives of subgroups (16SrV-A, B, C, D, E & G) of 16SrV in the
pattern of restriction enzyme sites with pDRAW32 (AcaClone Software;
http://www.acaclone.com (Fig. 5). The virtual RFLP proﬁle of the 16S
rRNA gene of Damask rose phytoplasma was similar with majority of
the restriction enzyme. However,HpaI,MSeI and BamHI have expressed
distinct RFLP proﬁle when comparing the present isolated phytoplasma
with the closely related (on the basis of nucleotide) phytoplasmas (Ca.
P. balanitae & Periwinkle yellows phytoplasma) of 16SrV group.
According to the phytoplasma classiﬁcation system, they are classi-
ﬁed into different groups on the basis of similarity coefﬁcients of 16S
rRNA gene RFLP patterns (Lee et al., 1998a; Gudin, 2000; Wei et al.,
2007). These 16S rRNA gene groups are further differentiated into sub-
groups. A threshold similarity coefﬁcient for the new subgroupdelineation was calculated to be 0.85 (Wei et al., 2008; Nejat et al.,
2013). Thus, a new subgroup is recognized if phytoplasmal strain has
a 0.85 or lower similarity coefﬁcient with those of all existing represen-
tative strains of the given group (Wei et al., 2008; Nejat et al., 2013).
Since similarity coefﬁcient value of R. damascena phytoplasma
(KJ684064) has been found to be 0.55 using iPhyClassiﬁer, a new sub-
group could be recognized. Execution of the program generated the re-
sult as matrix of similarity coefﬁcients determined for all strain pairs
(Table 1). Virtual RFLP analysis involving 16S rRNA gene F2nR2 frag-
ments of related phytoplasma strains using three restriction enzymes
(i.e. BamHI, HpaI and MseI) was also performed and the results sug-
gested a signiﬁcant distinct pattern (Fig. 6). These ﬁndings revealed
unique RFLP proﬁle and novelty of the phytoplasma strain fromDamask
rose suggesting it to be a new member as of 16SrV group.
4. Discussion
The present studies highlighted the ﬁrst record of a new phytoplasma
from Damask rose for the Elm yellows phytoplasma group (16SrV) from
India. Members belonging to the Elm Yellows (16SrV group) share high
16S rRNA gene sequence resemblance (Davis and Dally, 2001), but the
group also consists of phytoplasmas with an important variety of biolog-
ical niches limited to woody perennial hosts. ‘Candidatus P. Ulmi’ in the
16SrV-A subgroup is responsible for yellows of elm species in North
America and Europe (Lee et al., 2004) and ‘Candidatus P. Ziziphi’ in the
16SrV-B subgroup is the causal agent of jujubewitches'-broomand cherry
lethal yellows in Asia (Jung et al., 2003; Lee et al., 2004). In Europe, other
phytoplasmas in the 16SrV group mainly infect grapevines (Maixner,
1994), alder (Lederer and Seemüller, 1991;Maurer et al., 1993), blackber-
ry (de Fluiter and van derMeer, 1953;Maürer and Seemüller, 1995), spe-
cies of the genus Spartium (Marcone et al., 1996) and Clematis vitalba
(Angelini et al., 2004).
Earlier, different phytoplasmas have been reported on several orna-
mental or wild species/cultivars of rose (Kaminâska et al., 2001;
Fig. 5. Comparative analysis of virtual restriction sites in 16S rRNA gene. Sequences of 16S rRNA gene of phytoplasma from R. damascena (KJ684064), ‘Ca. P. balanitae’ (HG937644) and
Periwinkle yellows phytoplasma (EU375835). * highlights the important differences in the restriction sites.
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2009b; Gao et al., 2008) but detection of phytoplasma infection on
R. damascena is another novelty of this work. The rose witches'-broom
phytoplasma is proposed to be kept in a new subgroup (V-B1) of
group 16SrV, as it possesses unique properties that are reﬂected in the
results from enzymatic RFLP analyses, coefﬁcients of similarity, and
phylogenetic analysis based on 16S rRNA gene sequences. The analysis
also suggested that RWB phytoplasma has a new and distinct lineage
of 16SrV group. On BLAST, it showed the highest similarity with 97–
98% Candidatus Phytoplasma balanitae (HG937644), Balanites triﬂora'
witches'-broom phytoplasma (BltWB) (AB689678) and Periwinkle yel-
lows phytoplasma (EU375835). According to the guidelines of the clas-
siﬁcation scheme (Lee et al., 1998b; Wei et al., 2008), a new group canTable 1
Similarity coefﬁcient derived from analysis of virtual RFLP analysis.
S. No. Strain/Genbank accession 1 2 3 4
1 Ca_P_Balanitae_ HG937644 1.00
2 Balanites_triﬂora_ AB689678 0.97 1.00
3 Periwinkle_yellows_EU375835 0.97 1.00 1.00
4 Pluchea_indica_phytoplasma_KC778402 0.82 0.79 0.79 1
5 R._damascena_KJ684064 0.59 0.58 0.58 0
6 Apricot_leaf_roll_phytoplasma_FJ572660 0.95 0.91 0.91 0
7 X._Sorbifolia_phytoplasma_KC331045 0.95 0.91 0.91 0
8 Peach_yellows_phytoplasma_AY197660 0.95 0.91 0.91 0
9 Prunus_yellows_phytoplasma_KF523374 0.95 0.91 0.91 0
10 Ca_P_Ziziphi_KC478660 0.95 0.91 0.91 0
11 Rubus_stunt_phytoplasma_AY197649 0.85 0.82 0.82 0
12 Ca_P_Ulmi_GQ244487 0.95 0.91 0.91 0be proposed if the collective RFLP pattern derived from the 16S rRNA
gene F2nR2 fragment of a given phytoplasma strain has lower than
0.85 similarity coefﬁcient valueswith the RFLP patterns of all previously
recognized groups (Lee et al., 1998a; Hodgetts et al., 2007; Ikten et al.,
2014; Nejat et al., 2013). The representative phytoplasma strains from
R. damascena showed that similarity coefﬁcient index of 0.55 as a new
sub-group (V-B1) in 16S rRNA group V becomes justiﬁed.
Virtual RFLP analysis and generated data helped in the delineation of
phytoplasma groups and in creation of strains as novel species. Present
virtual RFLP pattern revealed that isolated phytoplasma from Damask
rose (KJ684064) is different with RFLP pattern of representative strains
of the same group 16SrV. The RFLP pattern with enzyme BamHI, HpaI
and MseI in particular provides the most distinguishing proﬁle as5 6 7 8 9 10 11 12
.00
.59 1.00
.78 0.55 1.00
.78 0.55 1.00 1.00
.78 0.55 1.00 1.00 1.00
.78 0.55 1.00 1.00 1.00 1.00
.78 0.55 1.00 1.00 1.00 1.00 1.00
.73 0.51 0.90 0.90 0.90 0.90 0.98 1.00
.78 0.55 1.00 1.00 1.00 1.00 0.88 0.90 1.00
Fig. 6.Virtual RFLP presentationwith key restriction enzymes. Virtual RFLPwithMseI, BamHI andHpaI distinguished rosewitches'-broom (KJ684064) phytoplasma from the Ca. P balanite
(HG937644), ‘Pluchea indicawitches’-broom phytoplasma (KC778402), and six 16SrV group types.
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sented a distinct lineage whose evolutionary history, host range,
vectorship and other biological properties are yet to be explored. Never-
theless, the outcomes of the present studywould extend the knowledge
of 16SrV group phytoplasmas, their hosts and management strategies.
5. Conclusion
Damask Rose (R. damascena) is a commercially important valued
crop for its essential oil. Recently, phytoplasma infection symptoms
were observed in different commercial ﬁelds of CIMAP and other dam-
ask rose growing areas for the ﬁrst time. We have characterized the as-
sociated pathogen via conventional and molecular techniques. The
cloned fragment of the pathogen showed highest similarity of 97% to
98% with Periwinkle yellows phytoplasma (EU375835), Candidatus
Phytoplasma balanitae (HG937644), and Balanites triﬂora' witches'-
broom phytoplasma (BltWB) (AB689678). Sequence analysis of the iso-
lated phytoplasma with software iphyclassiﬁer and pDRAW 3.0 for vir-
tual RFLP plotting, our current studies showed signiﬁcant differences
with reference to close related phytoplasma of Elm Yellows (16SrV)
and revealed delineation from the group V-B. Prominent differencesare recorded with enzymes BamHI, HpaI andMseI and the similarity co-
efﬁcient around 0.55 suggested that RWB is a newmember of subgroup
V-B1 in 16SrV group phytoplasma. This is the ﬁrst record of a
phytoplasm of 16SrV on Damask rose in India while earlier, it was re-
ported from ecologically different places. These ﬁndings would be help-
ful in future studies for vector transmission and disease management.Author contributions
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